As an important measure to cope with the energy crisis, the energy Internet can realize the cascade utilization of energy. In this paper, a standardized system model of the energy Internet is proposed, and the typical energy Internet processes are modeled. And a scheduling model is proposed to realize the decoupling calculation of energy Internet through a bi-level optimization. A simple case shows that the introduction of the energy interconnection and energy storage can improve the energy efficiency of the system and reduce the cost of energy supply.
INTRODUCTION
The economic development is inseparable from the support of energy production. Nowadays, the energy demand is rapidly increasing. However, the energy consumption mainly comes from the traditional non-renewable fossil fuels, having uneven distribution over the world. Although the fossil energy has large reserves, resource exhaustion and environmental pollution have been faced under the large-scale exploitation in the past hundreds of years. In the next few decades, an energy crisis has been foreseen. Mitigating the energy crisis and reducing the air pollution have become urgent. Obviously, the traditional high-carbon and centralized energy use mode is no longer in line with the requirements of development of energy. The comprehensive utilization of the traditional energy, the renewable energy, the energy storage and the demand-side resource is an important way to solve the energy crisis in the future.
With the rapid development of Internet information technology, it is proposed that building an energy Internet with the feature of deep integration of the renewable energy and information technology will be the key to achieve the clean and sustainable development of energy. The famous American economist Jeremy Rifkin proposed the idea of the energy _______________________ Internet. It is envisaged that the energy Internet will fundamentally change the way of energy development and utilization and is the core of the third industrial revolution, which will have a profound impact on the mode of economic development and the lifestyle. Five connotations of the energy Internet were described: shifting to renewable energy; buildings as power plants; deploying hydrogen and other storage technologies; using internet technology to transform the power grid; transitioning the transport fleet to electric, plug-in and fuel cell vehicles. The energy Internet concept advocated by Rifkin is the optimal configuration and comprehensive use of the power, storage and demand-side resources with the Internet technology in the wide area. And ultimately the purpose of transforming the use of centralized traditional fossil energy into the use of distributed renewable energy is achieved.
The energy Internet is a market with huge potentials, allowing a variety of resources through the dynamic decision to participate in the market. On the one hand, the energy Internet will stimulate the market activity. On the other hand, the energy Internet will help to solve the energy crisis and provide resources for the production and development of the society. At present, there are a lot of researches on the energy Internet, including the integrated energy system [1] , the energy conversion [2] , and the architecture of the energy Internet [3] and so on. In the chapter II, the standardized system model is established and several typical models are given. Based on a bi-level optimization, the operation and control model of the energy Internet is established in the chapter III. Verification and analysis are done through data cases in the chapter IV. The energy Internet system is an energy flow network that allows the conversion and circulation of many kinds of energy. At the theoretical level, the energy flow of the energy Internet is undifferentiated in the orientation, similar to the single energy network. While on the physical level, the energy Internet can actually be considered as the coupling of multiple single energy networks through the energy conversion nodes, the physical energy level of the energy Internet can actually be viewed as multiple single energy networks coupling through the energy conversion nodes. The energy Internet at the physical level can be expressed as the above schematic diagram in Figure 1 , and this standardized model can be extended under the essential technical support. It can be seen that the energy Internet contains three basic components: transmission, conversion and storage. The following chapters are the standardized definitions of the three components, which can be replaced by specific forms of energy in the actual utilization. . For the electric grid, the cost mainly refers to the cost of network loss. For the gas network, it mainly refers to the pressure cost, and for the heat pipelines, it is the cost of heat loss. The value of κ is less than 1 when the energy is stored, and more than 1 when the energy is released.
SYSTEM MODEL OF THE ENERGY INTERNET

Standardized System Model
The efficiency function:
, where s refers to the variables associated with the storage devices.
The transmission cost:
, such as the economic incentive to call the energy storage process or the operating cost of the energy storage device.
Typical Transmission Process
ELECTRICITY
Line loss refers to the energy loss emitted by heat in the transmission process, including the active power consumed by resistance and conductance. The line loss rate is an important index to assess the economic performance of power system. The average line loss rate in China in recent years is around 6%. The cost of the transmission process includes the construction cost
, which is often omitted in the optimal operation. The constraints include the efficiency of transmission, the bound of lines and power flow constraints.
GAS
In the transmission process of natural gas in the pipeline, the compressor has a great energy consumption. Generally, 3%~5% of the transmission gas is used as the energy of self-consuming gas. To simplify the calculation, we can account for the compression cost of the compressor in the cost.
The flow of gas within a simple tube can be expressed as p refer to the pressure at both ends of the tube. u represents the mass flow through the pipe. β is constant, equal to 1 when the tube is horizontal. c means the pipe resistance, which depends on the physical properties of the pipe and is related to the hydraulic friction coefficient, length and inner diameter of the pipe. The structure of natural gas pipeline network is generally described by the correlation matrix, and the node-pipe matrix and the circuit-pipe matrix are defined as:
Where N, M, K respectively represents the number of the nodes, pipes and circuits. When ij a equals 1, the node j is output to i, and when the value is -1, the node i is output to j, the value of 0 for the non-connection. When The cost of the gas transmission process includes the construction cost which can be omitted and the compression cost.
Where S refers to the state of the compressor, and the compression is opened with the state value of 1 while the value of 0 indicates that the compression is closed.
Except the above network balance constraint, some other constraints are as follows. Pressure and flow constraints of nodes:
where p and F refer to the pressure and flow. The pipe strength constraint:
The compressors' feasible domain constraints are complex, which are simplified as a simple capacity limit of the compressor.
HEAT
The steam heating network and gas network belong to the same type of network with similar operation principle. On one hand, the heat network accepts injection to heat the load; on the other hand, it provides power for the flow of steam. The steam flow in the pipe network should meet the flow balance, which is similar to gas pipe network constraints. But the heat pipe does not belong to the kind of pressure pipe, so the compression station does not need to be pressurized. Therefore, the compression cost does not need to be charged in the cost.
The heat loss mainly comes from the heat loss of the thermal insulation structure, so the transmission efficiency is mainly influenced by the insulation measures of the pipeline. Generally, the efficiency is 70%.
The constraints of the heat network are as follows. The pressure and flow constraints of nodes: min max min max , ,
∈ . The security constraint of the flow in the pipe: the steam flow in the pipe should be kept in a certain velocity to ensure that the transmission is within the strength range of the pipeline.
Set the average velocity is v, then
Q is mass flow, ρ is the medium density and A is the section area of the pipe, which needs to satisfy: i min i max ,
∈ . The network balance constraint is similar to the one of the gas network.
Typical Conversion Process
TRADITIONAL GENERATION
The cost of a traditional power unit can be expressed in the form of quadratic function: 
P2G
At present, the efficiency of P2G ranges from 70% to 95%. The cost includes: The actual cost of annual operation / maintenance of the P2G plant is about 5% of the fixed cost.
Power source cost:
, where P λ is the power price. The constraints include:
Input power capacity constraints and state constraints: The energy conversion efficiency of P2G can be expressed as:
CCHP
The CCHP system can not only generate about 40% of the power generation efficiency, but also reduce the line loss of 6% to 7% compared with the traditional long-distance transmission. At the same time, the waste heat can be recycled, and the comprehensive utilization rate of energy is above 80%, realizing the cascade utilization of energy.
The evaluation of the efficiency of CCHP includes the following indicators: primary energy efficiency of power, heating and cooling, and primary energy conversion efficiency, which can be represented by. 
Typical Storage Process
ELECTRICITY STORAGE
The efficiency of battery technology is usually between 75% and 95%. The charge state SOC reflects the remaining quantity of the battery, and the formula for accumulator storage capacity can be generally expressed as: 
HEAT STORAGE
The heat storage device usually uses water as a storage medium, which is used for short-term storage of heat. Due to the inevitable heat exchange between the hot and cold medium and between the heat storage system and the outside world, the efficiency of the heat storage tank can be modeled.
The constraint of heat storage:
Heat balance constraint:
Constant heat storage capacity of heat storage device: Heat absorption and discharge limit:
Where ( )
H t means the heat storage capacity at the end of t and hs η is the efficiency.
COORDINATED OPTIMAL SCHEDULING MODEL
For a complete scheduling cycle, minimize the operation cost of energy Internet or maximize the efficiency of energy utilization under all operation constraints. The decision variables of the scheduling model are the energy output and the working state of each process. Where N represents transmission network set. E represents energy type set. O represents energy operation set. F represents the total cost. S represents the state of each process and C represents the specific cost functions of each operation.
Economic Model
Constraints:
Conservation of the energy:
Rationality of series operation state: Conservation of the energy:
Rationality of series operation state: 
Solution
In the scheduling model of energy Internet various sources are the source and load for each other, so it is difficult to solve the problem. According to the standardized system model of energy Internet, it is easy to think of transforming the problem into a bi-level optimization problem and decouple the solution of every network. Under the condition of the primary energy and demand, the primary energy is divided into several parts to participate in the optimal operation of the sole energy transmission network. The upper level problem optimizes the input energy allocation for each transmission network, and the lower level is the independent optimal scheduling for each energy transmission network. So, the primary energy satisfies The linear structure restricts the number of energy conversion, while the actual technical conditions may support more conversion operations. However, the conversion efficiency is often less than 1, too much conversion is unnecessary, causing the decline of energy utilization efficiency. So, the number of energy conversion operations can be limited to a smaller upper limit from two aspects of reality and optimization. Therefore, this bi-level optimization solution is feasible. Each network scheduling model is an independent sub optimization problem. All the interactions of different energy are only embodied in the upper level optimization. In reference to the optimization solution of the traditional single energy systems, mature optimization solvers can be used to solve the problem.
CASE STUDY
In this paper, a simple energy Internet is set up to illustrate the model as shown in Figure  4 , considering only the interconnection between electricity and gas, but the model can be extended to other energy forms. The network consists of four nodes, the node 1 is the power node, the node 2 is the gas source node, the node 3 is the electric load node equipped with a battery, and the node 4 is the electric and gas load node. The network also includes an electric gas station and a gas turbine to achieve electrical energy conversion, respectively installed in two source nodes. Setup the case according to the grid node 1, 2 and the gas network node 8, 14 of [4] . The price and load forecast consult [5] . Consider the following four scenarios: not considering interconnections and storage. considering the interconnection. considering the storage. considering storage and interconnection. The state variables of each conversion and storage process in four scenarios are shown in Table 1 . And the electricity and gas load and actual consumption are shown in the following figure 5. From the results of optimization, it can be seen that in the presence of the interconnection and energy storage, the system will choose the call of the conversion and storage process. This is due to the peak and valley price of electricity price and gas price, which of different energy are staggered. So, when it is at the peak price of one form of energy, although the conversion and storage process will cause some energy loss, the economy of direct energy supply is not as good as the economy of using the conversion and storage if conversion (storage) cost + energy loss > energy cost. In the actual operation of the energy Internet, there are more scenarios that will benefit the system from the energy interconnection storage. For example, when the renewable energy is abandoned, the energy actually changes into the "anergy" and the utilization rate is 0, while the conversion of energy can change the "anergy" back into energy through the conversion of energy forms and the utilization rate can be moved up to a higher value.
It is also seen in Figure 5 (b) that the effect of energy storage varies at different periods, which is guessed to be caused by the charging rate and discharging rate. It is observed that the storage device is full after the 1~6 periods, and the remaining power of the storage device is used for energy supply at the peak period. Then the storage device charges in the next valley period. However, if the operation time of the simulation is limited to 24 periods, the energy storage will not carry out the second round of charging because there's not enough time to use it. All conversion and storage processes in Figure 5 (c) are involved in the operation, while the operating states of the processes in other energy Internet depend on the technology and cost.
CONCLUSION
This paper studies the standardized system model of the energy Internet and proposes a coordinated and optimal scheduling model which can be extended and applied to various energy forms. Meeting different energy constraints, this paper optimize the operation of multi energy system. The case study shows that introducing the interconnection and energy storage process help to improve the energy efficiency and reduce the cost of energy supply. This paper has done some preliminary work, and there are still many problems to be studied, such as the effects between different energy prices and the optimal operation with the gas network transient considered.
